Synthetic perfumes are often used in industrial products such as cosmetics, foods, detergents, pesticides, and coating materials. The synthetic perfumes are used in various forms combined with other materials such as emulsifiers or solubilizers, depending on the properties of the medium, the solubility of the perfume in the solvent, the stability of the perfume, etc. In particular fields of cosmetic and food science, surfactants are used to solubilize oily synthetic perfumes. The aqueous solution containing perfumes solubilized by surfactants becomes transparent, and segregation of perfume molecules from the solution is prevented over a long period of time. This is preferable for the practical use of the perfumes, and hence, it is essential for many industrial applications of perfumes to understand how the perfume interacts with the surfactant in an aqueous solution. Although many papers are published concerning the solubilization of normal hydrocarbons, alcohols, and water-insoluble dry by various surfactants, few studies have been made on the solubilization of synthetic perfume compounds1)-5).
In previous paper, we have reported the solubilization of some synthetic perfumes by anionic6) , nonionic7), and anionic-nonionic mixed surfactants8),9) in aqueous solutions. These studies have suggested that the hydrophilic property of the synthetic perfume compounds is related to their maximum additive concentration (MAC) in surfactant solutions and solubilizing capacities (SC) of surfactants.
It has been also revealed that perfume compounds tend to penetrate into the hydrophilic portion of the micelle ; this means that the hydrophilic head group of surfactants plays an important role on the solubilization of perfume compounds.
In the present study, we determined the SC for typical synthetic perfumes using several types of surfactants with different hydrophilic head groups, that is, sodium dodecyl sulfate, dodecyltrimethylammonium chloride, and dodecyl polyoxyethylene ethers, and discussed the effect of the surfactant head group on the solubilization behavior for the perfumes. , were supplied by Hasegawa Kouryo Co., Ltd., Tokyo, Japan, and were used without further purification,
The chemical structures, molecular weights, and hydrophilic-lipophilic balance (HLB) of the perfumes are listed in Table 1 . The values of HLB of the compounds were calculated using the method of Fuiita10)-42). 20 mL portions of water or a surfactant solution with a given concentration were placed into several 100 mL glass stoppered Erlenmeyer flasks, and varying amounts of a synthetic perfume were added. The mixtures were stirred by a shaker (Model SS-82D Type of Tokyo Rikakikai Co., Tokyo, Japan) for 12h and allowed to stand for 12h to establish a solubilization equilibrium at 30C . 2.3 Determination of maximum additive concentration (MAC) and solubility in water. After equilibrium has been established in the solutions, the turbidities of the solutions were determined by measuring the transmittance at 700 nm with a double-beam spectrophotometer(Model MPS-2000 of Shimadzu Co. , Ltd., Tokyo, Japan) with a quartz cell (10 mm light path length) as described in the previous paper6)-9). When the amount of a perfume added to a surfactant solution was increased, the turbidity of the solution was kept at zero up to a certain concentration of the perfume, and then increased rapidly due to the appearance of oily droplets of unsolubilized perfume. MAC was determined from the inflection point in the plot of turbidity vs. perfume concentration at a given surfactant concentration .
The solubilities of perfumes in water were measured by using a total organic carbon analyzer (Model TOC-5000 of Shimadzu Co., Ltd.,), which determined the amount of total organic carbon in the aqueous solution. Samples for the solubility measurements were prepared by placing excess perfume in water, followed by stirring for 12h. The undissolved organic phase was removed before the measurement by utilizing a glass-filter (Glass Microfibre Filter of Whatman Ltd., England) when necessary to separate the small oily particles of the perfume from the aqueous solution.
2.4 Determination of phase diagram. A given amount of a surfactant, a synthetic perfume, and water placed in several test tubes . The appearance and fluidity of the sample were visually observed as the temperature was increased . The presence of a liquid crystal phase in the solution was confirmed with a polarized filter , and was identified under a polarized microscope by comparing the textures with those of photomicrographs in the literature13),14) . 2.5 Micellar diameter measurement.
The hydrodynamic size of surfactant micelles was determined by a submicron particle analyzer (Model 4700 of Malvern Instrument , U.K.). The optical source for the light scattering apparatus was an argon ion laser operating at 488 nm with an output power 5 W maximum (Model Innova 90 of Coherent Co .). Before the measurement, the aqueous solution of a surfactant was passed three times through the membrane filter with 0.1,j m in pore size (Cellulose nitrate type of Toyo Roshi Co ., Ltd., Tokyo) for optical purification.
3 Results and Discussion Figure 1 shows the MAC of perfumes as a function of the concentration of DTAC . As the concentration of DTAC increases, MAC of the perfume remains constant up to a certain concentration of DTAC, and then increases rapidly, except for EL. The concentrations where MAC begins to increase correspond to the critical micellar concentration (cmc) of DTAC in the presence of the perfumes15),16). A similar tendency was recognized for other surfactantperfume systems.
In the case of the solubilization of EL by DTAC solution , the MAC at a low concentration of DATC is somewhat smaller than the solubility of EL in water . Figure 2 shows the phase diagram of DTAC-EL system expressed by the temperature versus the ratio of EL concentration to the constant DTAC concentration (4.0x10-2 M) . The arrow in the diagram indi-cates the composition corresponding to the MAC determined by the turbidity measurement at 30C. It can be postulated from Fig. 2 that the addition of EL to DTAC solutions above MAC yields the phase separation to micellar and lamellar liquid crystal phases, and results in the increment in the turbidity of the solution. In other surfactant-perfume systems, the addition of the perfume above MAC elevates the turbidity of the solution due to the separation of oily droplets from the surfactant solution. Thus, the MAC of EL in DTAC solution estimated by the turbidity method should be regarded as the apparent MAC.
Solubilizing capacity (SC), which is defined as the molar ratio of the solubilized perfume to the micellar surfactant, is an useful parameter to compare the solubilization efficiency of surfactants, because it includes neither the concentration of monomeric surfactant nor the solubility of the perfume in water17). A larger SC value means that more perfume molecules are solubilized per surfactant molecule in micelles. SC can be estimated from the slope of the plots of MAC against surfactant concentration above cmc. The SC values thus obtained for the present systems are summarized in Table 2 , where the value for DTAC-EL system is not included because of its anomalous solubilization behavior as mentioned above. As can be seen in Table 2 , SC are always C12P0E20>SDS>DTAC for all of the perfumes, except for LN. The order of SC for LN is C12P0E20>DTAC>SDS.
It has been demonstrated that the perfumes are solubilized into the hydrophilic portion of micelles6)-9). Thus, some interaction should occur between micellar hydrophilic group region and perfume molecules. Recently, we have investigated the solubilization of 2-phenylethanol and benzyl acetate by sodium dodecyl sulfate and hexadecyl poly(oxyethylene) ether18), and indicated that the both perfumes are solubilized in the micellar hydrophilic region, and the affinity for the micellar hydrophilic region is enhanced by the increase in the hydrophilicity of the perfume. The result of this investigation suggests that the micellar environment with rather high hydrophilicity is favorable as a solubilization site for perfumes. Thus, it can be postulated that the increment in the hydrophilicity of the micellar hydrophilic portion causes the strong interaction between the hydophilic portion and perfume molecules, which results in the large SC value. According to this consideration, the correlation between hydophilicity of the solubilization site and SC values was examined for the present surfactant perfume systems.
The hydrophilicity of the solubilization site for the perfume can be evaluated by using the distribution coefficient of the perfume between micellar and water phases . The mole fractional distribution coefficients of the perfume compounds between a micellar phase and an aqueous bulk phase (Kmic) were estimated by the same method reported in our previous paper6),7), and are summarized in Table 3 . In general,the distribution coefficient of solutes in an organic/water phase is related to that in another organic/water phase by the following relationship19)-21).
where K1 and K2 are the distribution coefficients of a solute in organic solvent I /water and organic solvent II/water systems, respectively. Both a and B are the experimental parameters characteristic of those solvents. If the value of a is smaller (or larger) than unity , solvent 11 is more hydrophilic (or less hydrophilic) than solvent I . The a value equal to unity implies that both solvents have the same hydrophilicity19).
In Fig. 3 , the Kmic in the SDS and DTAC system (KsDS and KDTAC) is plotted as a function of Kink in the C12P0E20 system (KpoE) on the basic of the above equation , where the result for LN was excluded because of its anomalous solubilizing capacity . The analytical functions and their correlation factors (7) obtained by the least squares fitting are summarized in Table 4 . The a value in the relationship between KSDS and KpoE is almost equal to unity, whereas the a in the relationship between KDTAC and KpoE is somewhat larger than unity. This result indicates that the hydrophilicity is in the following order : C12P0E20= SDS>DTAC. The relation among the micellar hydrophilicity of these surfactant species suggests that the interaction between the micellar hydrophilic region and perfume molecules is weaker for DTAC micelle than for C12P0E20 and SDS micelles. The smaller SC value for DTAC micelle compared with other surfactant micelles may be attributed to this weaker micelle-perfume interaction resulting from less hydrophilic property of the hydrophilic region in DTAC micelle.
The result for the hydrophilic property of the solubilization site shows that C12P0E20 interacts with the perfume similarly to SDS. If the SC of surfactants is determined exclusively by the strength of the interaction between the micellar hydrophilic region and perfume molecules, then we can predict that the values of SC in these surfactant systems become almost equal. However, contrary to this prediction, C12P0E20 has a larger value of SC than SDS as shown in Table 2 .
In addition to the micelle-perfume interaction, the value of SC is also strictly influenced by micellar structures17), 22) , because MAC of the perfume depends on the capacity of the mi- celles to accommodate the perfume molecules. Figure 4 illustrates the micellar diameter obtained over a wide range of surfactant concentrations. As can be seen in Fig. 4 , the diameter of the micelles decreases in the order C12P0E20>DTAC>SDS at a given surfactant concentration. It can be postulated that, since the surfactants used have the same alkyl chain length, the difference in the micellar diameter is mainly attributed to the difference in the volume of hydrophilic portion of the micelles. According to this interpretation, the hydrophilic portion in the C12P0E20 micelle is considered to be much larger than those in SDS micelle. For this reason, the perfume molecules can be solubilized more greatly in the C12P0E20 micelle, and the SC of C12P0E20 exhibits the largest value as shown in Table 2 .
The order of SC for LN differs from that for other perfumes, being in C12P0E20 >DTAC > SDS. This is just the same order as that of the volume of the hydrophilic portion in the micelle, as mentioned above. Due to the extremely low hydrophilicity of LN (see HLB in Table  1 ), the interaction between LN and micellar hydrophilic region should be quite weak. It is 
